Examination of the peptide sequence requirements for lipid-binding. Alternative pathways for promoting the interaction of amphipathic alpha-helical peptides with phosphatidylcholine.
To examine the relationship between peptide sequence and the interaction of amphipathic alpha-helical peptides with phosphatidylcholines, various methods of mixing the peptide and lipid were explored. A series of amphipathic alpha-helical peptides containing from 10 to 18 residues were synthesized by solid-phase techniques. An 18-residue peptide and two relatively hydrophobic 10-residue peptides did not disrupt dimyristoylphosphatidylcholine liposomes when added to the lipid in buffer. However, when the peptides were premixed with lipid in a suitable organic solvent and then reconstituted with aqueous buffer, clear micelles were formed, indicating association of the amphipathic alpha-helical peptide with lipid. In general, the best solvent for this purpose was trifluoroethanol. The circular dichroic and fluorescence spectra of peptides which readily formed clear mixtures when mixed in buffer with dimyristoylphosphatidylcholine liposomes were similar when prepared either by the alternative pathway technique using trifluoroethanol or by a cholate removal technique. For the peptides which did not clear liposomes in buffer, first mixing with dimyristoylphosphatidylcholine in trifluoroethanol resulted in an increase in the alpha-helicity of the peptides as judged by circular dichroic spectra and a blue-shift in the fluorescence emission maxima of the single tryptophan residue in each peptide. These data are consistent with formation of an amphipathic alpha-helix in lipid by peptides which based on mixing experiments with dimyristoylphosphatidylcholine liposomes in buffer at the phase transition temperature of the lipid would be considered ineffective in lipid binding. Thus, simple mixing of peptides with liposomes may give misleading results concerning the intrinsic affinity of a particular peptide sequence for lipid. In addition, the data demonstrate that relatively hydrophobic amphipathic alpha-helical peptides which do not form small micelles with dimyristoylphosphatidylcholine spontaneously in aqueous solution may interact with lipid as typical amphipathic alpha-helices when mixed by an alternative pathway.